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(57) ABSTRACT

A method and system are provided for performing the com-
putational execution of automation tasks with automation
devices by combining one or more central processing units
(CPU) and one or more Graphics Processing Units (GPU).
The control tasks and/or control algorithms are executed by
the single-core or multi-core control unit (CPU) and a multi-
core-graphics processor (GPU) or both in parallel at the same
time.
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EXECUTION OF REAL TIME APPLICATIONS
WITH AN AUTOMATION CONTROLLER

RELATED APPLICATION

This application claims priority as a continuation applica-
tion under 35 U.S.C. §120 to PCT/EP2009/006120 filed as an
International Application on Aug. 24, 2009 designating the
U.S., the entire content of which is hereby incorporated by
reference in its entirety

FIELD

The present disclosure relates to a method and a device for
performing a computational execution of control tasks of an
automation system with automation devices by means of one
or more Central Processing Units (CPUs).

BACKGROUND INFORMATION

In industrial applications, a control device usually per-
forms a variety of control tasks at the same time in parallel.
Since usually more automation tasks have to be executed than
CPUs are available, the simultaneous execution of the auto-
mation tasks on a single or multi-core CPU is solved by areal
time system which decomposes the different automation
tasks into small pieces of code which are executed sequen-
tially. Real time behavior of parallel automation tasks is
reached, for example, by a real time operating system, an
interrupt system including an interrupt controller, and sema-
phore concepts or prioritization concepts.

Contemporary control systems additionally provide a
graphical visualization of automation relevant information.
This graphical visualization is used in order to display opera-
tor graphics and to provide a human machine interface. Mod-
ern graphic adapters provide a significant calculation power
with dozens or hundreds of parallel calculation units. The
overall calculation unit of'a graphics adapter is called a graph-
ics processing unit (GPU). However, the GPU is exclusively
used for graphic applications.

Recently, much of the research and development in the
graphics architecture field has been concerned ways to
improve the performance of three-dimensional (3D) com-
puter graphics rendering. Graphics architecture is driven by
the same advances in semiconductor technology that have
driven general-purpose computer architecture.

Many of the same acceleration techniques have been used
in this field, including pipelining and parallelism. The graph-
ics rendering application, however, imposes special demands
and makes available new opportunities. For example, since
image display generally involves a large number of repetitive
calculations, it can more easily exploit massive parallelism
than can general-purpose computations.

According to US 2008198167 A1, a computing system has
been developed which is capable of parallelizing the opera-
tion of multiple GPUs supported on external graphics cards,
employing a software-implemented multi-mode parallel
graphics rendering subsystem.

The computing system of US 2008198167 Al includes a
CPU memory space for storing one or more graphics-based
applications, one or more CPUs for executing the graphics-
based applications, and a bridge circuit operably connecting
one or more CPUs and the CPU memory space. The bridge
circuit includes an integrated graphics device (IGD) having
one or more GPUs.

Furthermore, the computing system of US 2008198167 A1
includes one or more graphics cards supporting multiple
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GPUs and being connected to the bridge circuit by way of a
data communication interface, a multi-mode parallel graph-
ics rendering subsystem supporting multiple modes of paral-
lel operation, a plurality of graphic processing pipelines (GP-
PLs), implemented using the GPUs, and an automatic mode
control module.

In an illustrative embodiment of US 2008198167 Al, the
IGD has one internal GPU, and the external graphics card(s)
supports multiple GPUs. During the run-time of the graphics-
based application, the automatic mode control module auto-
matically controls the mode of parallel operation of the multi-
mode parallel graphics rendering subsystem so thatthe GPUs
are driven in a parallelized manner.

In US 2008276262 Al, a method and an apparatus are
disclosed that schedule a plurality of executables in a sched-
ule queue for execution in one or more physical compute
devices such as CPUs or GPUs concurrently. One or more
executables are compiled online from a source having an
existing executable for a type of physical compute devices
different from the one or more physical compute devices.

Dependency relations among elements corresponding to
scheduled executables are determined to select an executable
to be executed by a plurality of threads concurrently in more
than one of the physical compute devices. A thread initialized
for executing an executable in a GPU of the physical compute
devices are initialized for execution in another CPU of the
physical compute devices if the GPU is busy with graphics
processing threads.

Sources and existing executables for an application pro-
cessing interface (API) function are stored in an AP] library to
execute a plurality of executables in a plurality of physical
compute devices, including the existing executables and
online compiled executables from the sources.

All these developments are directed to the original purpose
of'the graphics adapters i.e. the rendering of graphical content
as images or movies stored in a computer whereat the speed of
the rendering as well as the resolution have been improved
tremendously. Publications in this field of technology con-
centrate on the improving the performance of graphic adapt-
ers in order to improve the quality and speed of the rendering.

In other words, the increase of computational capability of
the electronic processing units most notably with regard to
graphics adapters has not been expected, in particular not to
that extent coincidentally by means of parallelization of the
calculation processes. This is possible due to the fact that
graphic processing units dispose of a plurality of graphic
processing pipelines supporting multiple modes of parallel
operation.

Recently, major vendors and/or manufacturers of graphic
adapters provide programming interfaces to execute arbitrary
code on the graphical unit which is not designated to graphic
tasks. Complex algorithms for video transcoding, solution of
differential equations or finite element analysis can already
utilize the GPU power. A use in industrial applications and in
particular in automation applications however is not available
at present.

SUMMARY

An exemplary embodiment of the present disclosure pro-
vides a method of performing a computational execution of
multiple automation tasks with automation control devices
including at least one of a single-core control unit and a
multi-core control unit. The exemplary method includes
executing at least one of control tasks and control algorithms
by at least one multi-core graphics processor unit (GPU).
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An exemplary embodiment of the present disclosure pro-
vides a system which includes industrial applications and
devices, and at least one of a single-core control unit and a
multi-core control unit (CPU). The exemplary system also
includes a multi-core graphics processor (GPU). The indus-
trial applications and devices are configured to be subject to
automation purposes and be controlled by at least one of
control tasks and control algorithms being executed by (i) the
at least one of the single-core and multi-core control unit and
(i) the GPU at the same time.

DETAILED DESCRIPTION

In view of the drawbacks associated with known tech-
niques as described above, exemplary embodiments of the
present disclosure provide a method and system for perform-
ing control of those plant components by utilization of one or
more GPUs.

Accordingly, exemplary embodiments of the present dis-
closure make the computational power of the graphic pro-
cessing units (GPUs) available for the control of automation
systems. For example, exemplary embodiments of the present
disclosure utilize the parallel architecture of multi-core
GPUs, for example, the graphic processing unit of a graphic
adapter, for the control of multiple, complex and distributed
plant components all belonging to the respective automation
system.

The computational execution of automation tasks with
automation devices like Programmable Logic Controllers
(PLC), Distribution Control Systems (DCS), Industrial-PCs
(IPC), Programmable Automation Controllers (PAC), Robot
Controllers (RC) or Motion Controllers (MC) requires usu-
ally a Central Processor Unit (CPU) which executes the
instructions of the control software.

Hence, according to an exemplary embodiment of the
present disclosure, the control tasks or control algorithms are
executed by the single-core or multi-core control unit (CPU)
and a multi-core graphics processor (GPU), or both at the
same time.

Exemplary embodiments of the present disclosure are
based on a principle and central idea of utilizing the parallel
architecture of GPUs for the execution of real time applica-
tions on an automation device, for example, on a PL.C or a
robot controller. Since the number of parallel calculation
units available situated on a graphics adapter in one or more
GPUs exceeds the typical number of parallel tasks of an
automation system, the costly effort of parallelization and
management of a real time system is no longer required. The
possibility of massive parallelization allows running each
control task exclusively at one or more designated calculation
units. This increases the available performance significantly
and allows designing simplified real time architecture.

An exemplary embodiment of the present disclosure asso-
ciates the majority of control tasks on at least one calculation
unit.

An exemplary embodiment of the present disclosure pro-
vides a combined utilization of multi-core CPUs with the
parallel calculation units of a graphics adapter namely one or
more GPUs at the same time.

Examples of beneficial automation applications related to
the present disclosure are described below.

For instance, a PLC or Soft-PLC can run different automa-
tion tasks or algorithms each on a separate set of calculation
units and can thus provide high performance real time behav-
ior.
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Robot Controller, Motion Controller or their virtual pen-
dants can control different axles on each a separate set of
calculation units each comparable to a single task running on
a single CPU.

PLCs, Robot Controllers and Motion Controllers can be
combined into one automation device which runs the differ-
ent automation tasks each on a separate set of parallel units.

The parallel architecture of GPUs allows a parallel execu-
tion of parallel tasks, that is simultaneously. The decomposi-
tion of automation tasks can be reduced or can be avoided.
Independent control algorithms can be executed in parallel at
the same time. Hence, the performance of such automation
devices is enhanced impressively.

Real time concepts can be significantly simplified. The
complex and time consuming decomposition of parallel tasks
into a sequence of small code fragments can be reduced or
avoided. This allows designing new real time architectures
based on parallel single tasks running on parallel and associ-
ated calculation units.

The virtualization of one or more control devices (virtual
robot controller, virtual motion controller, virtual PLC) is
simplified. The additional GPU power can be used in order to
increase the responsiveness and real time behavior of the
device simulation.

With this disclosure, the calculation power of graphic
adapters is being utilized in order to have a powerful process-
ing unit for processing multiple single tasks in automation
applications in parallel, that is, simultaneously. Since a plu-
rality of automation applications need sufficient processing
capability, the existing processing power of graphic adapters
for simultaneous calculation processes by parallelization of
processing pipelines.

It is to be understood that the operative functions of the
present disclosure described above are performed by one or
more processing units which can execute one or more com-
puter programs containing instructions for executing the
operative functions. The computer program(s) executed by
the processing units are recorded on a non-transitory com-
puter-readable recording medium constituted by a non-vola-
tile memory (e.g., ROM, hard disk drive, flash memory, opti-
cal memory, etc.), and the processing units may also utilize a
RAM (random access memory) interactively with the execu-
tion of the program(s) for carrying out the operative functions
of the present disclosure.

Thus, it will be appreciated by those skilled in the art that
the present invention can be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The presently disclosed embodiments are therefore
considered in all respects to be illustrative and not restricted.
The scope of the invention is indicated by the appended
claims rather than the foregoing description and all changes
that come within the meaning and range and equivalence
thereof are intended to be embraced therein.

What is claimed is:

1. A method of performing a computational execution of
multiple control tasks of an automation device, wherein the
automation device includes at least one of a single-core con-
trolunit and a multi-core control unit, the method comprising:

executing the control tasks on the automation device by at

least one multi-core graphics processor unit (GPU),
wherein the control tasks are real time applications and
each control task is run exclusively at one or more des-
ignated parallel calculation units situated on a graphics
adapter in the at least one GPU.

2. The method according to claim 1, wherein the control
tasks are running simultaneously on the parallel calculation
units of the at least one GPU.
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3. The method according to claim 1, comprising:

assigning different control tasks to a single automation
device running the different tasks independently and in
parallel.

4. The method according to claim 1, wherein the automa- 5
tion device is at least one of a robot controller and a motion
controller, which is configured to control different axles each
on a separate set of the calculation units.

5. A system comprising:

industrial machines and apparatuses; 10

an automation device, wherein the automation device com-

prises

at least one of a single-core control unit and a multi-core

control unit (CPU); and

at least one multi-core graphics processor (GPU), 15

machines and apparatuses are configured to be subject to

automation purposes and be controlled by control tasks
being executed on the automation device by the GPU,
wherein the control tasks are real time applications and
each control task is run exclusively at one or more des- 20
ignated parallel calculation units situated on a graphics
adapter in the at least one GPU.

6. The system according to claim 5, wherein the automa-
tion device is a robot controller or a motion controller, con-
figured to control different axles each on a separate set of 25
calculation units.

7. The system according to claim 6, wherein (i) the robot
controller or the motion controller and (ii) a Programmable
Logic Controller (PLC) are combined into the automation
device. 30



